IMPROVING THE PERFOEMAKfCE OF A RECEIVER IN IKTERFERIKG 
COiSIDITIONS 

CROSS-EEFERENCS TO RELATED APPLICATIOS 

5 

This application is r.he U.S. National Staae of 
lsitoE.siutiv_>:iul Applied Lxjj! NaJi'bci PCT/lbCOO ?/00il'^4 f^loJ 

under International Publication Naii^ber WG 2004/109942 Al 
10 with International Search Report . 

FIELD OF THE I^?/SlaTIOla 

The inventiori relates to a device coiiiprisirig a receiver 
15 for receiving and processing signals and an antenna which 
is connected to the receiver. The invention relates 
equally to a method for improving the performance of such 
a receiver. 

20 BACKGROUND OF THS INVENTION 
25 

The perforrsance of a receiver may be degraded during time 
intervals in which wisieband noise in the frequency band 
used for the signals which are to foe received by the 
receiver is present in the environment of the device, 
30 since thi.'s wideband noise may reduce the signal-to-noise 
ratio {SHR) of the received ."signals significantly. 



1 



The wideband noise can be generated in particular by a 
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be for instance part of a GSM (Giobai System for Mobile 
coamiunications) transceiver, of a CDMA (Code Division 
f- !^ i 3 d ce 

10 

m a Ui-ii sysaem, i;or exaitioxe, several GPS satieixites t;riai: 
orbit the earth transsrdt signals which are received and 
evaluated by GPS receivers. Ail GPS satellites use the 
same two carrier frequencies LI and L2 of 1575,42 MHz and 

15 1227,60 MHe, respectively, GPS signaling is based on a 

CDMA principle, i.e. the satellites and their signals are 
separated by the codes used to srsodulate the two carrier 
signals. The employed carrier isodulation is a BPSK (bi- 
phase shift key) nioduiation, in which the carrier 

20 frequency phase is shifted by 180 degrees every tisse a 
chip changes from zero to one or vice versa. 
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2i.<-q .1 r irn ^oie row^ at the ■''•='C>--'"f>t s . T-^os, o^^^e^erl; 
cnannels are ootamea ror tne transmission Civ tne 
different satellites- The C/A code^. which is spreading 

30 the spectrum over a 1.023 MHz bsxxdwidth, is a 

pseudorandom noise sequence which is repeated every 1023 
chips, the epoch of the code being 1 ins. The terns chips 



is used to distinguish trse bits of a stiodulation code from 
data bits. 
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10 carries curr^jnciy onxy tne P-coae. Trie P-code is jsucii 

longer than the C/A code. Its chip rate is 10.23 MHz and 
it repeats every 7 days. In addition^ the P-code is 
currently encrypted, and for that reason it is often 
referred to as P(Y)-code. Decryption keys needed for 

15 using the P(Y)-code are classified and civil users cannot 
access thesxi. Therefore, only the LI carrier C/A code is 
usable in ci^^'il GPS receivers. 



Before the C/"A code and the P(Y)-code are inodulated onto 
20 the LI s:ig:nal and the L2 signal, navigation data bits are 
added to the C/A and P{Y; -codes by using a inodulo-2 

evaluated for exan^ple for deterrriining the posit ion of the 
25 respective receiver. The navigation inforraation corfiprises 
e.g. precise satellite orbital pararaeters and clock 
correction parameters. When a receiver is able to 
despread a received signal based on the correct 
modulation code, it can extract and evaluate the 
30 navigation data, A GPS signal which is received at a GPS 
receiver is further n-oduiated due to the Doppier effect 
and possibly due other higher order dynamic stresses. 
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ssencionea banawiarhs are presentea lor aensonscration 
purposes. The mentioned GPS bandwidth will thus be used 
in the following only by way of eKample, 

15 The GPS standard is currently under modernization. One of 
the main components of the sTiOdernization consists in two 
nev.f navigation signals that will be available for ci^^'il 
use in addition to the existing civilian service 
broadcast of the Ll-C/A code at 1575.42 miz, 

20 

The first one of these new signsls will be a C/A code 
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The second one o.f the new signals will be using a third 
carrier frequency L5 located at 1176.45 MEs. The L5 

carrier frequency will be modulated with C/A codes, inoxe 
specifically with a CL cede of 767,250 chips and a CM 

Heps ranging code, wherein it is expected that isriproved 
cross correlation properties will be r:eaii;:e-J. The L5 
signal will be message based. It will include an I (In- 
phase) channel carrying 10-syr^ol Neunsann/Hof finan 
encoding and a Q {Quadrature) channel carrying 20-symbol 
l^euitiann/ Hoffman encoding. The I and 0 channels will be 
orthogonally mod-alated onto the L5 carrier. The L5 signal 
fails into a frequency band which ia protected worldwide 
for aeronautical radionavigation,, and therefore it will 
be protected for safety-of-Iife applications. 
Additionally, it will not cause any interference to 
> J...,! 0 i^b.^rib. '"h\ii>, vith no nourf icatio\ o" 
^> uJ' , 1^ uo i-t^ t V V V -^"^ i^s'u^ ^^1 Tt. L fc\- a 
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■! ■'oreasf-d ^^'^a" .a'^'' ■'*'v or r-^^^c^s-or '"av-aa*'ic opf-t-a"- or<5 
isi certain areas ot the woria, ana interference 
■^itic ifoi. The nei\ sic. a" wi'. ^« ssvss.laole ot 
Block IIF satellites scheduled for launch beginning in 
2005. 



5 



At the current GPS satellite replenishjnent rate, all 
t.hree civil signals, i.e. L1~C/A, l:.:~C/A a^iJ L5, will be 
available for initial operational capability by 2010, and 
for full operational capability approKi-nately by 2013- 

5 

In p.articular coinssunication systems operar. ing in the 19D0 
bancif like G3Mi900, which are widely referred to as PCS 
(Personal Coramanication SysteirO , and corfununication 
systeaifj operating in the 1800 band, like GSM1800, which 

10 are widely referred to as DCS (Digital Consinuriication 

System) , will generate wideband noise in this GPS LI band 
of 1575.42 MHz +/~5 MHz, when CM code supported GPS is 
used. When new L2 and L5 frequency GPS signals are used, 
then lower frequency GSM signals, i.e. GSM900 and GSM800, 

15 will generate the sajne wide h&nd noise problerti as GSM1800 
to the LI GPS signal. 

Measurements show that if no sTieasures are taken, the SNP. 
of a GF3 signal received by a Gfc-S re-.::«i ei diigrades by 
20 about 2dB in ca>^e 3 G5M traosi^rsit ter i ■r<:pl .:^rs:.:>ri» t;: -j in. thib 

rransceivsr implesnented n.n tne same device uses for 
transmissions a dual slot TX srscdv:. 

25 

The GPS receiver, hoxifever, requires a sufficient SHR of 
received satellite signals for being able to correctly 
acquire and track the signal based on its C/A-code and 
thus to rsake use of its content. It is better for the 
30 pert orrciance of the GPS receiver to receive signals with a 
particularly low SMR than not to receive any signal at 
all during short time intervals. 
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rne a/u converter ana zne arsipixtuae of u,he signal is 
clipped. If the signal is clipped iii conversion, soise 
information aignai is lost and thus the receiver 
performance is degraded, 

15 

Also eKternal interferences can block a GPS receiver 
operation corapletely, in case multiple coramunlcation 
system transmitters are trans!?iitting in the same area at 
the sam.e time. 

20 

The same problem may further occur when a Galileo 

beginning of comraercial operations is scheduled for 2QQ6. 

25 Galileo costsprises 30 satellites, v/hich are distributed to 
three circular orbits to cover the entire surface of the 
Earth. ThG satellites will further foe supported by a 
worldwide network of ground stations. It is planned that 
Galileo will priovide ten navigation signals in Right Hand 

30 Circular Polarisation {RHCP) in the frequency ranges 

1164-1215 MHk, using carrier signals E5a and S5b, 1215- 
1300 KHZf using a carrier signal E6, and 1559-1592 MHz, 



using a carrier signal E2~L1~E1. Similarly as with GPS, 
the carrier frequencies E5a, S5b, E6 and E2-L1~E1 will be 

in frequency Dands ernpioyed by Gaiiieo. 
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10 equally be degraaea iii a sxrsxiar Situation ixi case of a 
type ot a corrfiauriication system tran£>iaitu,er other than a 
GSM trans«iitter and/or a type of a receiver other than a 
GPS receiver or a Galileo receiver. 

15 In U,S, patent no. 6,107,960, a method is proposed for 
reducing cross-interferences in a conibined satellite 
positioning systein receiver and coimaunication systein 
transceii'-er device. A control signal is transraitted from 
the coiTis-runicatioiJ yyste:ri transceiver to lhi> yacellite 

20 positioning system re^'jelver, vjhen th-b •jonx'rs:;.;--; i-,::at ion 

be blocked frora the receiving circuits of rhe satellite 
25 positioning syste-n re ceiver, or to b-v -J i s regarded by the 
processing circuits of the satellite positioning systera 
receix'er . 

For a corsmunication system transmitter xv'hich is corsbined 
30 in a single device with the satellite positioning system 
receiver, it has further been proposed to improve the SNR 
of received satellite signaLs by adding an 6:tSternal 



notch-filter to the transmission path of the 
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10 rotv.^ ^^licr n.as, to I'^IO I'iiz to I-'IO .^3t„, d' d ^-i ^at^ 
GPS is used as a satellite positioning system, the stop 
band frequency range has to be 1558.42 MHz to 1580.43 
HEz. Ixi order to improve the St^R of received GPS signals 
to a useful level, a very high attenuation is required 

15 for the stop band. Applying a high attenuation, hox^ever,, 
increases also the insertion loss of the notch filter at 
the pass band of the filter. Due to this additional loss 
after the power amplifier, !?iore output po^er has to be 
taken from the power amplifier, which increases the 

20 cur. rent con s ampt i on . 



improved to a desired level of 0.5dB daqradat: ion . To a 
25 GSM1800 transmission path, a 30dB external GPS band 

sttenustor has to be sdded for achie\-ing the same desired 
level of O.SdB degradation. For dual slot GSM, the 
required attenuation is even higher. 



30 The insertion loss of a GPS notch-filter with a 30dB GPS 
band attenuation will lie betweex- 0.7dB and l.OdB. An 
insertion loss betvs'een 0.7dB and l.OdB increases the 
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current consumption of trse power amplifier by about 2Q%, 
compared to a current cons uir.pt. ion without insertion loss. 
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SWIMARY OF THE INVEl^TION 

It is an object of the invention to provide an 
15 alternative to e:-:isting solutions for iHsproving the 
performance of a receiver in interfering conditions. 
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On the other hand, a jnetrsod for impro\^ing the performance 
of a receiver is proposed. The receiver is able to 
receive and process signais at least in a first irequency 

from the first frequency band to a second frequency band, 
10 in case a vfideband noise is determined to be expected in 
the first frequency band. 

The invention proceeds from the consideration that some 
receivers, like GPS receivers, have severe probleiss in 

15 coping with high noise levels. It is therefore proposed 
that ^■^hen wideband noise is generated in the frequency 
band employed for the signals which are to foe received by 
the receiver, the antenna is detuned out of the regular 
center frequency. As a result, the wideband noise cannot 

20 be received any raore via the antenna and does thus not 
disturb the receiver. 

It is an advantage of the invention that it provides an 
alternati\re to existing solutions. 

25 

When detuning the antenna, also the received signal is 
attenuated. If the received signal is weak, the 
attenuation causes as a result that the signal cannot be 
detected. However, if the signal is strong, it ir,ay be 
30 possible to detect the signal in spite of the 

?5ttenuation. This constitutes an advantage compared to 
the solution proposed in the above cited document US 



6,107,960, as here, the blocking or disregarding of 
satellite signals affects satellite signals of any 
strength, 
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10 from the csetaxled oescrrptxon that follows below. 

The invention can be eitiployed in any device compriaixig a 
receiver. The receiver can be for enansple a satellite 
positioning systesn receiver like a GPS receiver or a 
15 Galileo receiver, but equally any other type of receiver. 

The invention can be employed in particular, though not 
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frequency band can then be expected by the controlling 
30 portion at least whenever the conuanni cation system 
transirdtter is known to be transmitting signals. The 
controlling portion tsay either be part of the 
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communication system transmitter or recei\^e a 
corresponding information about transjtiissions frois the 
communicatior: system transmitter. It, has to be noted, 
however, that the inventioxi can equally be eaipioyed for 
5 attenuating wideband noise generated by a unit external 
to the device - 

In an advantageous er?ibodin\ei5t , the receiver coinprises at 
ieast a first receiving chain for receiving and 
processing radio frequency signals in the first freq-aency 
band and a second receiving chain for receiving and 
processing radio frequency signals in the second 
frequency band. In this eiribodiisent, the first antenna is 
connected to the first receiving chain and in addition 
via a switching coHiponent to the second receiving chain. 
The controlling portion can then canse the switching 
component to connect the first antenna in addition to the 
second receiving chain, "i^henever a wideband noise is 
e.^pected in the first frequency b-and. Thereby, the 
per f orn-Lance of the receiver can be improved, as signals 
ffiay be available for evaluation at the second frequency 
band while the signals at the first frequency band are 
being dist'arbed by wideband noise. 

25 In esse the receiver comprises t-rfo receiving chains, the 
device according to the invention comprises 
advantageo-asly in addition a second antenna, which has a 
frequency response at the second frequency band and which 
is equally connected via the switching component to the 

30 second receiving chain . The secoiid antenna can be used 
for a diversity reception ixtsproveiaent in the receiver. 
The controlling portion may then cause the switching 
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component to disconnect the second antenna from the 



10 dxsconrsect tiie secona antenna from che second receiving 
chain, in case a wideband noise is expected in the second 
frequency baud. 



The noise in the second frequency band can be generated 
15 for exaisple by a second cormunication systerti trans!?iitter 
of the device, which transmits signals via a radio 
interface in a different frequency band than the first 
coirtrnunication system transmitter of the device. In this 
case, wideband nois-a in the second f requ-i>ncy band can b-i 
20 expected by the ccntrcliing portion at least whene^^er the 
second consriunicauion system transmitter is knovrn to be 



25 

Other, objects and features of the present invention will 
become apparent frorr< the following detailed description 
considered in conjunction with the accorfipanying drawing. 

30 Fig. 1 illiistrates the modulation of GPS carrier 
frequencies; 
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Fig, 2 is a schematic block diagrain of a mobile phone, in 
imD.i.enien"!:".ear 

Fig. I 3. I ill a t \ n 
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10 secona ejnoodiment or rhe x-aventxati; 

Fig. i^a If ir £i e"- <■ in i "-a c tH« 

operation of the second eiabodinsent of the 

invention; 

Fig. 7 is a schensatic block diagrasn of a mobile phone, in 
15 which a third embodisTient of the invention is 

impleraented; and 
Fig. 8a, Sb and 8c are dlagrasrss illustrating the 

operation of the third embodiment of the 

invention. 

20 

DETAILED DSSCRIPTIOl!^ OF THE IJTVENTION 

~-[ ' . ^ => =) rJrck <'.ac;-f^n --r a rnoD.ile phone 

25 ^ . ^ . -^leered corsronenr? of the iroblle phone 



The mobile phone supports a GPS positioning and a rsobile 
comiivjni cation via a GSM network. 

For supporting the GPS positioning, the inobile phone 2Q 
comprises a GPS receiver 21. The GPS receiver 21 

15 



includes, connected to each other in series, a low noise 
aT.pjiri<?^ , a -^3\er , a a ao ^ 

• ^ i <■ / ■* 1 > o le^ > 1 r kT" t i„ 
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10 amplifier 2^^ o£ ti ^ Gi'S re^^c-vCo. „^ '.t ^ x c, 

component 21? comprises a detuning circuitry, e.g. a 
capacitance diode, for tuning the frequency band which 
can be received via the GPS anterina 216, 

15 For supporting the mobile coissTiunication, the rtiobiie phone 
20 comprises a GSH1.800 transmitter 22, ^ifhich is part of a 
GSMiSOO transcei\!'er . The transmitter 22 comprises, 
connected to each other in series, a converters and DSP 
processor block 221, first v a r. 1 a b 1 -.i: po'^^er aiaplifier 

20 2:;2, a fi^ixer 223 an-;) a second f :^ j.bl e p;y.ver an\p"iifier 

•Tiobile phone 20 moreover coroprisss a GSM arstenrsa 226, 
which i? connected to the second variable srnplifier 22A . 
25 The convert';?. s; and DSP processor block 221 of r.he 

transii'itter 22 has a controlling access to the tuning 
co2T;ponent 217, 

A radio frequency signal reaching the mobile phone 2Q is 
30 received by the GPS antenna 216, in case the signal lies 
within the freqisency band of the frequency response of 
the GPS antenna 216, The tuning component 217 is able to 



sxgnal xs then attenuated or aisplifieo by tne varxabie 
gain attenuator 213 ^yith a gain currently set by an AGC 
(automatic gain control) , and finally processed in a 
conventional way in the converters and DS? processor 
block 214. The processing in the converters and DSP 
processor block 214 niay comprise for instance determining 

J T )- ^ t iK. \ V Q o-^ , V, oda g a 

ra^ 1 *-o r ->r m ^.a ■> +-r=} signal 

ii.co so i-vdu toi-^ fo*- it,terinining 

tsie current oosition oi: tne mobile onone dO. 
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amplification factor. The amplification factors are set 
r>y an P'GC ac-^oraina ro a reaa<=st by ""hf^ nase s'^ato^f'-n or a 

GSM antenna 226- 

10 snore detaxi in the following vfxth reference to figure 3. 
Figisre 3 is a diagrans which depicts on a freqaency line 
the GSM1800 TX band of 1710-17S5 mUz, the GPS LI band of 
1570,30-1580.53 MHz, the GPS L2 band around 1227 MH2, the 
GPS L5 band around 117 6,45 MHs and the GSM900 TX band of 

15 880-925 MHe. 

In a first state, the GSM transsrdtter 22 does not 
transrfiit any signals. In this first, basic state, the GPS 
antenna 216 is tuned by the tuning cortvponent 217 to 
20 receive satellite signals in the GPS LI frequency band of 
1570,30 MHe to 1580.53 MHz. The corresponding original 
GPS antenna frequency response is showfn as a first curve 
in figure 3, 

25 In a second state, the GSM transmitter 22 transmits 

signals having a carrier frequency in the range of 171Q- 
1785 MHz, causing wideband noise in the GPS LI frequency 
band of 1575.42 MHs 4/-5 MHz. The distribution of the 
pov.Fer level of transmitted GSM1800 signals over the 

30 frequency is depicted as second curve in figure 3. The 

generated wideband noise is superimposed on any satellite 
signal reaching the GPS antenna 216. The wideband noise 
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degrades the performance of the GPS recei\^er 21, in case 
it reduces the SNR of received GPS LI satellite signals 
be low an acceptable value. 
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frequencies. The resulting shifted GPS antenna frequency 
response is depicted as third curve in figure 3 in the 
case the frequency is tuned to a lower frequency. 

15 v^ith the shifted GPS antenna frequency response, the 

antenna isolation between the GSH antenna 226 and the GPS 
■^L =} '* o nrro\x^d h n *"c o a do ole c 
^^!e3^f^ CP t rls'* 

phone 20 is strong, and has thus a rather high SNR in 
20 t 1 I 
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tuning component 217 eases the perforstiance degradation of 
the GPS receiver 21. 



It is also possible to relate the amount of detuning to 
5 the extent of the respective aisplif ication applied by GSM 
transirdtter 22 to signals v;hxch are to be transmitted - 

A second and a third eitibo dissent of the invei-stion, which 
will be presented further below, take into account 
10 planned future developments of GPS. 

The second eitibodisnent of the invention is based on the 
assumption that in addition to the C/A-code of the LI 
signal, also the P-code of the LI signal and the L2 
15 signal including a C/A code and a P-code are taken into 
civil usage. 

Figure 4 is a sch-sHsatic block diagram of a mobile phone 
40, in «hich the second eiribodiment of the invention is 
20 implemented. As in figure 2, only selected components of 
the mobile phone 40 are depicted. 

positioning and a raobile corcuYsunication via a GSM network. 

25 

For supporting a GPS positioning, the n\obile phone 40 of 
figure 4 comprises a GPS receiver 41, The GPS receiver 41 
includes a first receiving chain '13 for receiving and 
processing LI signals and a second receiving chain 44 for 
30 receiving and processing L2 signals. The LI receiving 

chain 43 comprises, connected to each other in series, a 
first low noise astiplifier LNA 431, a first mi5ier 435 and 

20 



a first variable gain attenuator 434. The LI receiving 
chain 43 further cosnprises a first iocal oscillator 432, 
which is connected to the first laixer 435. The first 

receiving chain 44 coir:prises, connected to each other in 

iiiixer 442 and a second variable gain attenuator 443. The 
L2 receiving chain 44 further comprises a second local 

10 oscillator 445, which is connected to the second isixer 
4 42. The second local oscillator 445 provides a signal 
having a frequency which is required for downconverting 
an L2 signal. The GPS receiver 41 comprises in addition a 
converters and DSP processor block 414. The first 

15 variable gain attenuator 434 of the LI receiving chain 43 
and the second variable gain attenuator 443 of the L2 
receiving chain 4 4 are both connected to this converters 
and DSP processor block 414. 

20 For supporting a GPS positioning, tb-;: ■■•:obile phone 40 

"moreover comp-i^es l-. GPS a n -j Th-i- GH'3 .iifitenna 416 

chain 44. Typically, a dipiexer coinbines two input path 
signals ha'v-ing different freq'aencies to one outp'at path 
signal. The enhanced dipleser 417 comprises detuning 
circuitry and dipiexer functionalities. The detuning 
30 function can be done with a capacitance diode or any 
other suitable corriponent. The detuning circuitry tunes 



21 



the frequency band, whicrs can be received via the GPS 
antenna 416. 



For sapporting a n-obile conisnunication, the itiobile phone 
5 40 comprises a GSM1800 transjaitter 42, which is part of a 

converters and DSP processor block 415, a first variable 
power aiaplifier 414, a mixer 413 and a second variable 
povier ajaplifier 411. The trana.'rdtter 42 further cosriprlsses 

10 a local oscillator 412 which is corinected to the isiixer 
413. The laobile phone 40 farther comprises a GSM aiitenria 
426, which is connected to the second variable arsplifier 
411. The converters and DSP processor block 415 has in 
addition a controlling access to the diplexer 417 and the 

15 switch 418. 



For supporting a inobile coHiSTiunication, the niofoile phone 



r 1 e 1 <=• --i^O t- n n <^-E 
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V lU G Jy I =ir *■<„ j'' r -5 T3^t ■) j a 
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1 1-, i r^e^ o e — r<r- sr-„ 'er x 4 * ^ 
processed as described aboxre with reference to figure 2. 
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W.hen the GSM1800 transirdtter 42 is transsnitting signais, 
wideband noise is generated in the Li frequency band. The 
converters and DSP processor block Alb therefore provides 

the '■-onverters and DSP processor bioci-: 415 pro'-iJide^j a 
10 control yiqnai to the dipie^er 411, which causes the 

detuning circuitry in the dipieser 417 to detune the GPS 
antenna 416 to foe in resonance at the center frequency of 
the L2 frequency band. 

15 The shift of the GPS antenna frequency response is 
illustrated in figure 5, Figure 5 is a diagram ^■^hich 
corresponds to the diagran'i of figure 3, e-^cept that here, 
ti-j Gf' autt^nra f iv iU > -v.-pon&e vvds shifted c^ctct-l' to 

20 1 n b c so "h^ -- o a ^^c i Ki i f o-t- . t . i" ^ 

^v. iv- <^-^ s z^c oi b V t lu ^ '1^-, , ai. xr icatcd bv a 

" fit" ^) I VS.- >r ! e o- 

25 ■-■-o 1 nti )n, a .uc-» sc cj t i { i -i'-^ 

-^-nt -P^ antem- 6 =i d tTi<^ a ao jo* ro..ertio r - "j'-e 
" " r^-".. C/A arc. ''-roae fn(^ 12 -^^c^-vrq r'^ai^ s 
acnievea. Proin tne LI oaud, tne C/A,-coae and the P-coae 
can stili be receivea 3.n sorse conditions v.ia tae LI 
30 r-c-i\i io[ ^ „r. ^c, +h-* is, xi ^ n-^ LI ■^xant-.i r<=-a \n.„na 
.e nco„*e on'^n-^ i ic.^«.iL^ ':;.^<"ing. In o_ a 

strong LI carrier signal, also the SNR of the LI signal 



will foe sufficiently strong for an evaluation in spite of 
the wideband noise. 

Figures 6a and 6b illustrate the detuning in another type 
5 of representation. In figure 6a, the insertion loss Sv; in 
dB of the GPS antenna 416 is depicted over the frequency 
for the case that there is no G3M1&00 transmission . It 
can be seen that the Insertion loss S;-. is in general at a 
basically corsstarjt, high value, but decreases to a 

10 jrdnimiim value at a center frequency of 1575 MEz vfith a 
transition range on both sides of this center frequency. 
This enables a good reception of the LI band C/A-code and 
the LI band P-code in the LI receiver chain 43, The L2 
receiver chain 44 is not in use. The GSM1800 transceiver 

15 may receive signals at the same time, and if the mobile 
phone 40 comprises in addition a GSM900 transceiver, the 
GSM900 transceiver may receive or transrrdt signals at the 
same time, as such operations do not generate any 
wideband noise in the LI frequency band. 

20 

In figure 6b, the insertion loss S;;.; in d3 of the GPS 

seen that the insertion loss K - is in gen-i.iraJ. at 
25 basically constant, high value, but decrev=ises r.o a 

mininrani value at a shifted center frequency of 1227 HHz 
with a transition range on both sides of this center 
frequency. This enables a good reception of the L2 band 
P-code in the 1.2 receiver chain 44. A.t the same tirse, the 
30 wideband noise generated by the GSM1800 transirdssion is 
attenuated. 
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The same result as for the European bands GSM1800 and 
GSM900 depicted in figures 6a and 6b can be achieved for 
the U.S. bands 6SM1900 and GSM850. 

5 The third embodiment of the invention is based on the 
assumption that in addition to the C/A~code of the LI 
signal, also the P~code of the LI signal and of the L2 
signal and a aewly introduced CM-code of the L2 sigiial 
are takexi into civil usage. 

10 

Figisre 7 is a sschensatic block diagram of a mobile phone 
70, In which the third eitibodirseiit of the invention is 
implemented. Aa in figures 2 and A, only selected 
components of the nsobile phone 7 0 are depicted, 

15 

The mobile phone 70 of figure 7 stjpports again a GPS 
positioning and a raobile cosranunication via a GSM network. 
The C/A-code and the P-code of the L2 band are made use 
of in the GPS positioning for a diversity reception 
20 iinproveRient . 

The design of the rs-obile phone 70 of figure 7 is very 
siiTLilar to the design of the rsofoile phone of fig'are '1. 

25 For supporting a GPS positioning, the '^^obile phone 7Q of 
figure 7 thus comprises a GPS receiver 71. The GPS 
receiver 71 includes a first receiving chain 63 for 
receiving and processing LI signals and a second 
receiving chain 74 for receiving and processing L2 

30 signals. The LI receiving chain 63 comprises, connected 
to each other in series, a first low noise aitiplifier LNA 
631 f a first mixer 635 and a first variable gain 

25 



attenuator 634. The LI receiving chain 63 further 
'^OTv, -ise^s f I' o aJ OS atr*- € , hi i 
:> e I tr- i. J. J j.\e c tr- i. j. \ ^ 



i „ f, _ ^ 41 

oscxilator 743, whxch xs connectea ro x;he second isixer 
7 42. The second local oscillator 745 provides a signal 
having a frequency which is required for downconverting 
an L2 signal. The GPS receiver 71 comprises in addition a 
converters and DSP processor block 714. The first 
variable gain attenuator 634 of the LI receiving chain 63 
and the second variable gain attenuator 743 of the L2 
receiving chain 74 are both connected to this converters 
and DSP processor block 714. 



20 For supporting GPS positioning, tb.;: inobi le tihcn*;: 70 

n-ioreoV'Sr comprises s firc.t GFS .i;r:U-.i::;r:a and a ;:e'::orid 

r.he first lov; noise an-iplitier f-.V;. of the LI rsvcsiivirig 
25 chain 63 and on the other hand via a switch 718 to the 
second low noise araplifier 741 of the L2 receiving chain 
74, The enhanced dipleser 717 comprises a detuning 
circuitry for tuning the frequency band which can. be 
received via the first GPS antenna 716 froiiri the LI 
30 frequency band to the L2 frequency band. The second GPS 
f^ntenna 719 is connected equally via the switch 718 to 
the second lo\<r noise amplifier 741 of the L2 receiving 



chain 7^, The second GPS antenna 719 is tuned in a fixed 
tranner to the L2 frequency band. The switch 718 allows to 
connect either the first GPS antenna 716 or the secoxid 
GPS antenna 719 to the second GPS receiving chain 74. 

5 

For supporting a ssobile coTiirr.unicat.ion, r.he mobile phone 

converters and DEF processor block "''15, a first variable 
10 power aisplifier 714, a mixer 713 and a second variable 

power amplifier 711. The transiaitter 72 farther corriprises 
a local oscillator 712 which is connected to the isixer 
713. The isobile phone 70 further comprises a GSM antenna 
726, which is coiuiected to the second variable arspiifier 
15 711. The converters and DSP processor block 715 has in 

addition a controlling access to the diplener 717 and the 
switch 718. 



cr i>v.>pj ort.„r;;i v>D-lc -.o'l " J i-^,v.i -o , ^l-o otilo p lone 



^^n^^rp^cs ors v-^ -"hf- (-,->y]^'^' r an^n- -^r^t ' tie 

wirh sefererc-^ to f:s.-5ure ? ^or the G'^M^SCO t^ ansrr,- tter 
22, only in other frequency bands. 



While neither the GSM1900 transrsitter 72 nor the GSM85Q 
30 transirdtter is transmitting signals^ the first GPS 

antenna 716 is connected via the dipleKer 717 only to the 
first GPS receiver chain 63. At the same time, the second 

27 



GPS antenna 7 

5 1 - ^ 

^ i C] I t.i d 

i r c fe^ i» i^v^iv.^ (ij ae »- -xr- re ^ ith 
10 rt,..t,rt, to f^g^rt, - c Gir'"' "''0 "-^r oCt-i c and the 
GSM900 transceiver snay be receiving signals at the same 
time. 



19 IS connected vxa the switch 718 to the 
■-p -v^r (.toi 1 T It- s*- '^s '^tenna 716 



This first sit-aation is iilustrated in figure 8a, in 
15 which the insertion loss Sjs in dB of both GPS antennas 
716, 719 is depicted over the frequency for the case that 
there is no GSM transinlssion. At the first GPS antenna 
715, the insertion loss Sr> is in general at a basically 
constant, high value, but decreases to -j: ifiruit; value at 
20 5 center fri-jqi-ency of 1575 MH:^ with a t f ;i or; rsnge oa 
both sides of this center frequency. This ariables a good 

6,3, At thfc second GPS antenna 719, the insertion loss S-,-, 
25 is in general at s basically constant, high value, but 
decreases to a iTiini-nun\ value at a center frequesicy of 
1227 Wdz with a transition range on both sides of this 
center frequency. This enables a good reception of the L2 
band C/A-code and P-code via the second GPS antenna 719 
30 in the second GPS receiving chain 74. 



When the GSM1900 transniitter 72 is transsrdtting signal 



4 I c L 1 r 1 

ai&v-o "^-twieu \>, i,i ^ *-drt, _ c, t, ^v^rv^£tt,ro die "i 
processor block 715 caases the first GPS antenna 716 to 
be detuned to be in resonance at the L2 frequency baxid. 

This second situation is illustrated in figure 8b, in 
which the insertion loss of the first GPS antenna 716 is 
depicted over the frequency for the case that there is a 
GSM1900 transmission. At the first GPS antenna 716, the 
<^ L \ o 1 qe-^c-a a ■= u or'-+'ar 

1 u L e o n c 



t r <,ha 

3 r t \ }0 

b ^ ri , t 

i 1 e- f h<„ t so^e 

h irn<= a ^'i^-^* f ^nt>="^ a <^ e 

receiving chain 63, that is, if the LI satellite signal 

reaching the mobile phone 70 is particularly strong. The 

disconnected second GPS antenna 719 does not forvvard any 
signals . 
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When the GSM850 transKsitter is transmitting signals, 
vvT-leoa^'O n<--^se ^s cf^r^^a-<='d tie " tr^-c.e^'oy bano, ""le 

5 " \ \t -I 

10 74, fne secona GPS antenna 7x9 is now dxsconriecte«. Trie 
first antenna is kept to be tuned to be in resonance at 
the LI frequency band. 

This third situation is illustrated in figure 8c, in 
15 which the insertion loss Sjs of the first GPS antenna 716 
is depicted over the frequency for the case that there is 
a GSM850 transraission. At the first GPS antenna 7x6, the 
insertion loss Sii is in general at a basically constant, 
high value, but decreases to a ;r-i;;iraurs; value at a center 
20 frequency of 1575 Ml-i::. with s trsnsition range 05i both 
sides of this c-inter fxequency. This enablei a good 

25 forward any signals. The wideband noise gexV:: ■; ,:a>-::J t-y f-h-:: 
GSM850 transraission is thus attenuated. Froxn the L2 band, 
the C/A~code and the P~cod.e can be received in some 
conditions via the first GPS antenna 716 in the second 
GPS receiving chain 74, that is, if the L2 satellite 

30 signal reaching the mobile phone 70 is particularly 
strong. 
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It is to be understood trsat in the second and third 
eTTLbodiment, one of the GFS receiver chains or an 
additional GPS x'eceiver chain could also be a receiver 

5 5 'U ral- 1 tr- sicina'is arf- --r? ^-^^n ^ ftf- ; -^ht^^ rani, 

il ±i} ijitnt,r Lu SjC n^i'^d that the <i>-scri.bvvi cnubCviin'tcsilL 

:c;,o;x;jtt. '.jti^v oi a variety of possible 

eitibodimexits of the inventioiu 
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